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Design and Experiment of Novel Sprayer for Protecting Middle
and Lower Leaves of Cigar Tobacco Plants
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Abstract: Aiming at the problem that the space between ridges in cigar tobacco fields is small due to the
tall plants and the growth of leaves, and the production of cigar tobacco leaves requires high color and
integrity of tobacco leaves, and the field management requirements cannot damage tobacco leaves, which
leads to the difficulty in plant protection of middle and lower tobacco leaves in cigar tobacco plants during
production. Combined with the growth characteristics of tobacco leaves, a plant protection device for
middle and lower layers of tobacco leaves in cigar plants was designed. The device mainly consisted of a
spray system, a crawler chassis and a control system and other functions. In order to obtain the growth
characteristics of tobacco plants, a three-dimensional laser scanner was used to scan them and establish a
spatial distribution model of plant leaves in the field. According to the distribution characteristics of
tobacco leaves in the field, the overall structure and working mode of the device were determined;
combined with the tobacco leaf shape characteristics and plant protection and agronomic requirements,
the structure design and analysis of the spraying system were carried out, and the parameter range was
determined. According to the requirements of field operations, the dynamic analysis of the crawler chassis
and the design of the control system were carried out. The field experiments was carried out, and the
parameters of the spray system were optimized by using Box — Behnken. When the spray pressure was

0. 65 MPa, the nozzle angle was 20. 4°, and the nozzle aperture was 0. 4 mm, the vertical direction of the
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cigar leaf layer was simulated by the vertical droplet distribution measuring instrument. The liquid

adhesion performance test showed that the vertical distribution of droplet deposition met the requirements

of cigar tobacco leaf plant protection. The field experiments results showed that the coverage rate of the

liquid medicine on the front side of the middle and lower layers of the cigar plant was 52% ~83% , and

the coverage rate of the backside was 22% ~45% , which can realize the effective spraying of the liquid

medicine on the middle and lower layers of the tobacco leaves of the cigar plant.

Key words: tobacco leaves; sprayer; crawler chassis; remote control self-propelled; spray system; field

experiments
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Tab.1 Main technical parameters of sprayer

S8 EAEER
PR F (K x % x 2 )/(mm x mm X mm) 780 x 420 x 600
LR kg 80
LA E Y1/ kW 1
R EE/ () 30
AR /m 0.5
Yok JE/ (km-h ") 2~3
A B/L 30
A b I 9/ m 1.2
ZL i ] /h 3

e &2/ (hm? -h ™) 0.24 ~0.36
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Tab.2 Factors and codes

%
G " —
8§55 K S/ MPa  WEMES £/ (°) W5 FL A2/ mm
-1 0. 40 19 0.3
0 0. 60 21 0.4
1 0. 80 23 0.5
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Tab.3 Design and results of experiment

[ EES 55 TH DURR
A B C Y/mL
1 -1 -1 0 130
2 1 -1 0 134
3 -1 1 0 80
4 1 1 0 108
5 -1 0 -1 94
6 1 0 -1 94
7 -1 0 1 129
8 1 0 1 145
9 0 -1 -1 98
10 0 1 -1 58
11 0 -1 1 142
12 0 1 1 108
13 0 0 0 155
14 0 0 0 158
15 0 0 0 152
16 0 0 0 154
17 0 0 0 150

F| A Design-Expert 12. 0 XF i 46 2% H k172 o0
U L5 407 08 LB 109 7 2 43 B L
*4,

x4 ERABREEAFTEFTESN
Tab.4 ANOVA of regression equation of droplet

deposition
P/ P BWmE By F P
LAY 14584.46 9 1620.50 146.75 <0.000 1 **
A 288. 00 1 288.00  26.08  0.0014 *
B 2812.50 1 2812.50 254.69 <0.0001*
c 4 050. 00 1 4050.00 366.75 <0.000 1 **
AB 144. 00 1 144.00  13.04  0.008 6 *
AC 64. 00 1 64. 00 5. 80 0.047 "
BC 9. 00 1 9.00 0.8150 0.3966
A? 756. 04 1 756.04  68.46  <0.0001**
B? 3161.09 1 3161.09 286.26 <0.000 1 **
c? 2610. 57 1 2610.57 236.40 <0.000 1 **
¥ 2% 77.30 7 11. 04
2 451 35 40. 50 3 13.50 1.47 0.3499
ali iR 2% 36. 80 4 9.20
LA 14661.76 16

Ve RREFWBE (p<0.01), x RRERBFE(0.01<
p<0.05),

R4 A, Ut E Y [BIA B p <0.01,
RAUTH p o 0.349 9, 13 I 60 AU A G 25 5 L o X 55 0
DURUE I, A B C AB AC A* B> .C’Hy p ¥J/)
F0.05, Ul & S HGY B 3 AR RS IE S g R
$R: 9 0.987 9, 4 BB AL D43 BL A, X [ 1 A6 750
HEAT SR AR A5 0 25 DR Sk [l D B AL Oy

Y =153.8 +6A —18.75B +22.5C +6AB +

4AC -13.4A> -27.4B* -24.9C° (9)
4.1.4 FIRSHWE

R ARAS T E P B E R T A AR T 2 R
DR 55 25 ILAE Ml o) R i 55 3R 8 S R e I S 8
A R8T PRVE ML S ST 22K, e B s
2 PR AL

Y=153.8 +6A -18.75B +22.5C +6AB +
4AC - 13.4A4> -27.4B* -24.9C°
maxY(A,B,C)
-1<sA<l
s.t.! —1sB=<l
-1=s(C=1

(10)
KA R R AR B K- S5 15 2855 )
7 0. 65 MPa i 52 /5 24 20. 4° FL4% 0. 4 mm BF
i, 55 i DU i S L fE R 163 mL,
4.2 FAEBEEFS ALK
RSB AT WU 245 7E b 25 W AE
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Tab.5 Distribution of droplet deposition
% /m Z i DU &/ mL ¥ {E/
T1 T2 T3 T4 TS T6 T7 T8 T9 mL
0~0.2 38 38 40 39 42 38 41 43 41 40. 00
0.2~0.4 45 46 44 45 48 48 47 49 48 46. 67
0.4~0.6 33 35 33 36 35 35 37 38 34 35.11
0.6~0.8 27 26 27 25 24 27 28 23 27 26. 00
0.8~1.0 13 11 11 13 12 12 11 10 12 11.67
1.0~1.2 5 5 7 7 8 7 5 8 7 6.56
it 161 161 162 165 169 167 169 171 169 166

30
!

/T,
#5925 R AR IR X LY

Canopies at different heights and droplet

K13
Fig. 13

deposition-gained from each collection unit

sl B TR KB 55 i DO AR
e 1L 75 ) b AR P ¥ (E g0 B O 32,80, 121,33
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ARFEHFRRERMTENFZn, R B H
oy T80 I N HLUBE it A 25, w] DL b I5E el AN 1 ) A
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HERGS5IE

Shy B IR I 55 R ST Y S M 24 4 Mk ASOCR AR L
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DU P L DX R Rl R 2 35 5 A I ol e i e A T 3
A ]S, 2 SRR [26 ] o R /K S 4% A 0 55 i
00, HT625 A A K =5 2 XU T I XU il 32 D) K
25 SARRIRE

PLCX — 14 iy A 35 50 A Ak O 3 56 % 42, #k i

5.1

0.45m F7HE 1.2 m MEFEEEE 1.6 ~ 1.7 m, &R
FE 30 ~34.0°C , A 5EAH X8 BE 54.5% ~63.5% , 3
BE R 1 ~2 9%, F R XGE 1,37 m/s. H RIE L B i
WE 14 fiz.
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I 35 AL FH 0] 3 562

Fig. 14  Field experiments of sprayer spraying for

5 14

middle and lower tobacco leaves

5% 55 ML Ml IR DR i 32 0. 6 m/'s (555 T )
9 0. 65 MPa, W I Xif 413 B, 500 #H <% e £ 20. 4°,
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Fig. 15 Schematic point arrangement
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& 16 55 5 K 4, R5F 24 35 mm x 110 mm,
Z5 G BT A S R SR OB A il 24 S R B S5 K
AR T R IR TR B S B

Bl 16 &< B AR 5 K AR R 25
Fig. 16  Water sensitive test paper sample after spraying
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Fig. 17 Coverage rates of droplets on front and

back sides of leaves

SRR AR HE Z O 0.6 m/s i, = 50 4 PR
R JE M A T 25 W 5 R 52% ~ 83% , T THI
BT RN 22% ~45% , Ho v B AR Al 5 i
WAL ~ 1S i IE T 85 RE AT B 45 4 1t 25 380K, 24
W H R E 50% 5 T 1 ~3 ZEM A BOCH T R
P T, AR R E b B T 24 A LT T Y
Tt , WA R iAo BEE MR R BN = L
LRSI, I R T T OB W B X LR AT B S
{IENE S R R~ S oty W N DT i i

AT B 5 RN AE B B AR XA A e ik S 3 8
e, d ~ 15 T T A 24 98 3 R I TE 20% L)L
18 5 B ST A R R T T A e A O e 25 AL A A
Je a5 A 1 R R EI/N BJR R
NZ MR T I T S AT S SCEk[30 ],
AT S B 5t 24 B AT A 1 o PRk B R TR
2 ARl B R AR bR A R e T E LA
b s 285 T8 vk 2 1 v R M R R R S EOh R R A
28 9 O A R A 1) A

6 it

(1) B 55980 00 P 7 FEE 300 B o 228 300 R0 A ok v
R B i A A B0 22 () 2 ) AN, L ) A B
BRONREA G R 0, 5 808 7 R S i K R R R R
J2 0 A R R K %) o) R, 285 5 5 000 0 P R R A 2
MRABRRAE BT T 3 45 A A 305 iR ok b R 2
AR IS 55 B, AL 3 B S 55 R 45 A IR A AR
RGUH N, G5k B g, ] SE R g, n] S S O A
JZ B AR R AR o

(2) X Wi 55 R G 8 W5 IS 84T 08 R g il &
GiieAT TG B E T 8 AW X FR A R I 2C HL
AN AL 1 T FE AR 2R N R TR AR S R C N
0.15% , J& 75 i§ 4% 9 & o~y 420 mm, & J&F i 265 mm,
VA IS 5 UK 3h i WL I R O 400 W e K iy HH R R
1.2 Nem ¢ KEE R 3 000 r/min, FF &3 HLA L,
5 24555 1o 0. 65 MPa I I £ Ry 20. 4° R
AL 0.4 mm W5 W i, 55 0 OB B A (N
163 mL, HZ WU M RE/NANZ P2 B2,
T 5 5t A AR K

(3) HHAI 45 R R W], M AE L H B 0.6 m/s
B, 35 80 A A R 2 AR I O T 25 VB 5 RN 52% ~
83% ,IFH WM BH TN 22% ~45% , &4 A kR
AR R TP T2 A AR 8T 55 AL AR ROCR R4 I
HFEH T2 1 ~ 15 255550 06 - 1 18 24 0 7 75 %
F50% ,1 ~3 B 50T b 1 B0 1B 1RG4 ~
15 I35 1 7 25 RO A B e 1 KR b 1
BOBIRT 20% %6 B AR 5 55 50 i F 55 A T
B4 N A N =N =N N =N U o SR TN T
A7, 6 B R
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